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Abstract
Since the event of participatory design in the work democracy projects of the 1970’s and 1980’s in 
Scandinavia, computing technology and people’s engagement with it have undergone fundamental 
changes. Although participatory design continues to be a precondition for designing computing that 
aligns with human practices, the motivations to engage in participatory design have changed, and the 
new era requires formats that are different from the original ones. Through the analysis of three case 
studies this paper seeks to explain why participatory design must be brought to bear on the field of 
ubiquitous computing, and how this challenges the original participatory design thinking. In particular 
we will argue that more casual, exploratory formats of engagement with people are required, and rather 
than planning the all-encompassing systems development project, participatory design needs to move 
towards iterative, experimental design explorations to provide necessary understanding of today’s 
complex contexts and practices. We argue that there does not need to be a discrepancy between the 
ideals of empowering people with new technology, and the understanding of customer value in a 
business perspective.
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1. Introduction
As computing grows more embedded, ubiquitous and complex, it is evident that that there are 
fundamental issues that call for evolving co-design approach that incorporates significant participation 
from those for whom design is intended. Through the analysis of three case studies this paper seeks to 
explain why participatory design must be brought to bear on the field of ubiquitous computing, and 
how this challenges the original participatory design thinking.
Before embarking upon our cases we begin by defining how we mean ubiquitous computing, 
participation and design in our discussion. We briefly discuss contentions about the role of 
participation in design and the role of design research itself.
Ubiquitous computing: Our interest in ubiquitous computing originated in the philosophical 
underpinnings of Weiser’s research on developing “invisible” and “calm” computing that allows a 
practitioner to focus on doing work, rather than on driving the computer interface (Weiser, 1991). In 
Weiser’s and the Xerox Palo Alto Research Center (PARC) researchers’ early views, computing would 
be embedded into the fabric of society in all shapes and sizes (in the forms of tabs, pads, and 
whiteboard sizes in the early work)2. Weiser always recognized that designing ubiquitous computing 
demands the “very difficult integration of human factors, computer science, engineering, and social 
sciences" and his vision was to place technical exploration within the social context.
Coupled with Weiser’s notion of ubiquitous computing is the realization articulated by Suchman 
(2002), that if any new form of interface or computational appliance is to fit “invisibly” into a practice, 
it must rely upon the skill of the practitioner to adapt and appropriate it into their environment and 
practices. Both Suchman and Weiser talked in terms of work practice, but with due consideration their 
arguments can be extended to other practices such as that of daily living.
Suchman (2002, p. 92) argued that systems development should then be seen as an “entry into the 
networks of relations - including both contests and alliances - that make technical systems possible”.  
This necessitates replacing the “designer/user opposition”, wherein designers design and users use, test, 
or are probed, with a different kind of designer/practitioner relationship which embraces mutual 
learning and richer layers of engagement in the traditions of participatory design.
Participation: Participatory design has as its fundamental tenet that those people affected by a design 
outcome ought to be included in the process of design. It owes its roots to industrial democracy 
projects in the 1970's that sought to involve workers, as users of technology, in the design of new 
computerized technologies that they were using in their workplace (Greenbaum and Kyng, 1992).  In 
these early projects, it seemed quite clear who the major stakeholders were – the workers, the managers 
of their organizations, the customers and the suppliers. It was also reasonably clear what was at stake.  
For example, in Kristen Nygaard’s pioneering work in Norway computer professionals worked with 
members of the Iron and Metalworkers Union to enable the workers to have more influence on the 
design and introduction of computer systems into the workplace. Nygaard also collaborated with union 
leaders and members, to create a national codetermination agreement, which specified the rights of 
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unions to participate in the design and deployment decisions around new workplace technology. Both 
management and workers had a significant stake in these negotiations. The participatory design process 
led not only to new understandings about how designs could be arrived at and introduced into the 
workplace, but also led to a broad base of new knowledge being built up among workers and managers.
Participation in design has become a contentious issue. Today participation in design is often 
sought in order to better understand “users” so as to make more saleable commodities. Design methods 
for participation that were mean as means towards a political goal of democracy have become means 
for far more pragmatic ends. The nomenclature shift from “participatory design”, which seeks 
sustained engagement from practitioners and stakeholders to “user-centred design” which depicts the 
human in the more instrumentalist terms of “user” is revealing in itself. These shifts raise considerable 
questions about who really stands to benefit from participation in both the short run and the long run, 
locally and globally. This topic has received thoughtful discussion from Beck (2004) and Shapiro 
(2005). For example Beck questions using user participation as a means to improve design without 
considering the many ways through which computer technologies contribute to dominance patterns. In 
examining the complexities of the politics of participation, both argue for work that claims to belong to 
participatory design to exercise critical judgment and to give serious and sustained consideration to 
these issues in each instance.
Design: The extensive literature on technical conceptions of ubiquitous computing and the commercial 
focus of corporations leads to an instrumentalist view about design; that design is solely about 
technology design and that designers do not consider the context of use or the larger political 
implications of the technology. So it seems worth pointing out that there are many in the design and 
engineering professions for whom design is an exploratory means toward the larger endeavour of 
human concerns and the public good. This paper is a call to recognize and engage this exploratory view 
of design. Design is a means, a very powerful and exploratory means for change.  It is not simply 
“systems implementation” or systems development where the requirements are pre-specified or 
negotiated and the technologists implement. In design education and design research, a problem is 
never taken as a given, but as a starting point around and within which there may be many 
opportunities to see the problem differently.  Designers work by making design moves and proposals, 
which serve not only to create solutions but also to shed light on the problem as cast, so that the 
designer is able to question and reframe the problem itself. Design work is as much about framing the 
problem itself as about solving it (Schön, 1990). Although participatory design  had its roots in 
participatory information systems development, there is opportunity for the field of participatory 
design to more fully embrace design in the diverse traditions of design schools, and thereby to open up 
the crucial space between design and use.
Through this paper we seek to explain why as designers and design researchers with an interest in 
technologies, we have embarked on participatory approaches to the design of ubiquitous computing. 
We lay out our motives for engagement in three cases. In each case there are political motives that 
reflect, we argue, the politics of the times. We focus on the challenge of bringing the ethos of 
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participatory design to the design of ubiquitous computing technologies. We also examine the format 
of participation in each case and reflect upon why it has shifted toward this kind of participation.
2. Entering a network of political relations – The Urban Community Project
The first case explores participatory design interventions in Moggill, an outer suburb of a growing 
urban environment in Queensland, Australia that is experiencing dramatic change (Redhead and 
Brereton, 2006). There are frequent subdivisions of land, new housing developments, changing vistas 
and pressures on limited community infrastructure such as roads, schools and public spaces. There are 
federal, state and local proposals for new initiatives such as roads.  Yet residents are mostly occupied 
with daily issues such as making school lunches, meeting local friends, getting children to and from 
activities, commuting to work, and leisure activities that include the Internet and television.
In these environments there are some difficulties and opportunities for community communication. 
Although it is becoming easier to maintain ties with people across the city and overseas, at the same 
time place-based use of the Internet seems under-explored and problematic. It remains the case that it is 
very hard to contact the community when an issue of interest to the community arises. Advertising is 
expensive and leafleting is time-consuming. Community web sites are hidden away in the Internet and 
often wither due to a lack of contributions, particularly as local champions burn out. Community 
organisation email lists become outdated and reach only a fraction of the broader community. Enduring 
methods of communication are physical notice boards, face-to-face meetings, word of mouth, contact 
via phone, flyers, newsletters, email and articles and advertisements in printed local newspapers. 
However, community organizations, local politicians and motivated individuals have difficulty 
contacting the community at large to discuss community issues. In many respects, the ability to 
communicate within the community depends upon capacity to fund advertisements, to distribute flyers 
and ownership of prominent places for notice boards. 
As design researchers living in a commuter suburb we see a great potential for personal, public and 
mobile computing devices to support urban communication, creative expression and information 
sharing. Better community communication networks and displays could support dynamic data 
collection and visualization of resource use, traffic, community events and creative arts. Local residents 
have common interests that arise from co-location, shared use of local facilities, sustainable urban 
resource use (roads, water, fuel) and management, desire for local friendships and opportunities for 
meeting face-to-face as well as on-line.  However, we do not yet understand sufficiently the 
motivations and interaction designs needed in place-based dynamic communities in order to establish 
denser webs of communication – and building consensus around such design visions and ensuring that 
they fit with community aspirations is not simple. 
It is not straightforward to enter such a complex network of people with multitudes of relations of 
political, practical and private kinds. Our approach is what we call “embedded research”.  It developed 
over several years, beginning with the community in which one member of the research team lives. We 
attend local community association meetings, participate on the community association email list, have 
children at the local school and in the cub scouts, and frequent the local shops. We also interviewed 
key local figures and political representatives as well as many friends in the neighbourhood. In 2004 
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we established a web site for the local community association at their request in order to enable the 
association to provide information to the community and to provide a shared repository for local 
documents. Anybody could upload documents to the site and committee members could post their own 
updates to the site. It was used during a period of several months when there was a pressing external 
threat of a motorway being built through the community. But the association then fell dormant. Our 
experiences led us to wonder whether design of different forms of communication media could lead to 
a denser web of easily accessible community communications sustained through spontaneous 
community contributions from the broader community rather than through the efforts of champions. 
In 2007 we floated the idea of installing an electronic notice board in our local shop that sells 
meals, snacks, drinks and newspapers.  The owners were enthusiastic. We consulted them frequently 
for ideas and visited the shop regularly to undertake informal observation, attend to usage of the space 
and to get a feel for interactions there. The notice board was designed to be a place to which anyone 
could post either from home or in the shop, with human moderation to check only for pornography and 
profanity. At the time of writing, it had been in place for some months. It aims to grow the fabric of 
communication infrastructure that supports the general public, whether for small or large issues. Unlike 
a typical website, it is visible to the community in a community hub and builds upon a familiar 
metaphor of the physical notice board. Thus aspects of use can be seen and demonstrated in a social 
space.
Figure 1: An electronic notice board installed in a local shop in a suburban community served as a 
step towards improving community communication, but also as a tool for design researchers to better 
understand the mechanisms of place-based communication and how it might develop with ubiquitous 
technology.
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The Moggill electronic notice board is a significant departure from our previous attempt at supporting 
local community groups in meeting their communication needs. Although the idea for the display was 
derived from community consultation, and from living in the community, we have adopted an iterative 
participatory development approach similar to the Rapid Agile Iterative Development (RAID) 
approach of Heyer et al. (2008) used to design digital social networking applications. Using this 
method, a basic prototype is deployed and then iterated by examining use and obtaining ideas and 
feedback from its user community.  The prototype grows as it supports a growing community of users.  
Use shifts as the prototyped is developed and as the user community grows. 
2.1. Beyond work and workshops
What are the challenges that this project case poses to participatory design? Firstly, there are no simple 
relations between an employer and employees, and design does not focus on work. Nevertheless, there 
are power relations to deal with, and a myriad of interests and initiatives. There is no single 
organization that can authenticate a participatory design effort in the community. The most critical step 
so far has been to negotiate access to a site that was willing to house a touch screen display and to 
maintain a strong ongoing relationship with the owners of the shop. For the first two months one of our 
research team would be there most days either sorting out technical issues or observing use. The shop 
owners keep us in touch with what people say about the notice board, how they use it, problems that 
arise and suggestions to aid its use. If the project is to grow the next step potentially involves working 
out issues such as business models, public/private ownership, open sourcing and location of other 
notice boards. Achieving balance between business and other community interests must be negotiated. 
Business is part of the community fabric. However, at each step the ability of the general public to 
participate in the design and to secure rights to use is also at stake. The attempt to appropriate public 
space for community use is less a matter of known design process and more a matter of strategic 
engagement with local business leaders and political leaders who have aligned interests and who can 
benefit from and support the project. The role of the participatory designer becomes one of fostering 
appropriate engagements and championing and guarding core values that underlie the design 
philosophy, in this case, democratic civic engagement. 
Second, the network of relations is so complex in a community and many links are so personal that 
one cannot easily appoint members for a ‘user workshop’. With researchers being part of the 
community themselves, the workshop-type participation does not seem adequate either. In the 
workshop that we ran, few attended and those who did preferred simply to discuss possibilities rather 
than to undertake activities. These are the kinds of discussions that we can engender through more 
informal encounters and meetings.  In order to reach a broad community and to understand future use, 
it seems more effective to grow and modify prototypes in response to multitudes of informal 
discussions and observations and in response to actual use, rather than to discuss and develop
consensus about intended use. We begin with little commitment to the form of the prototype itself and 
see our designs rather as catalysts that inform what kinds of media can effectively support broader and 
denser webs of community communication. This is an open question at present under exploration 
through design.
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3. Emancipating the body – The Dentist Gesture Project
Ubiquitous Computing brings digital technology into work contexts far beyond office environments 
dominated by information processing. The new devices need to co-exist with a range of other tools and 
equipment that people employ to complete their tasks. Typically the style of using physical tools is 
very different from the keyboard punching associated with computers. One such context with a 
growing dilemma between tools of the trade and digital support technology is dentistry.  
We found dentists interested in the possibility of using gesture and speech technology in their 
dental surgeries in order to update computer-based patient records during patient examinations. Gesture 
and speech control are of interest to dentists because keyboards and mice cannot easily be kept clean to 
meet infection control standards and because dentists are typically using their hands for other purposes, 
that make it burdensome to set down instruments to operate a keyboard or mouse.
We were interested in  (a) designing new interface technologies that might free us from sedentary 
postures associated with keyboard use; (b) whether gesture could be useful at all and how to design 
speech and gesture in the context of all of the specific instruments, movements, hand grips and medical 
terms of dentistry; (c) what theories of gesture had to say about technology design and (d) how 
technology design and intervention can contribute to building new theory. Here, a politics of the body 
and a deeper understanding of human-computer interaction design were our research motives.
The dental surgery provides an interesting research context consisting of social interaction between 
dentist, patient and assistant, a complex physical environment containing varied equipment and 
instruments and significant medical information management. Prior to undertaking this research, 
gesture interface research was almost exclusively done on problems that were isolated to the laboratory 
such as detection of a person making sign language gestures to a computer. 
We began by engaging with two dentists that members of the research team visited regularly for 
check ups. We then developed collaboration with a lecturer and some volunteer students from the 
university dental school. We developed a relationship with the owner of a dental software company in 
order to explore how we might employ gesture interaction in a traditional patient record environment. 
Through the owner we were introduced to three dentists who use that company’s software. They are 
leading edge users who like to try out the latest software and use advanced features. One is a specialist 
in endodontics, who undertakes different kinds of procedures. 
Although sustained engagement with practitioners is an ideal, dentists are busy professionals for 
whom time is money, and, our engagement with them was usually constrained to short visits typically 
between 40 minutes and two hours. We visited each of the three participating dentists at least twice, 
our own dentists several times and the dental school several times. We developed participative tactics 
in order to best utilize short appointments to engage a kind of intense participation that was both 
sufficient to address theoretical questions and to advance the design to a concept that the dental 
software company owner found useful. For this purpose we undertook open-ended interviews in the 
context of the practice, video recording and conversations regarding various rough prototypes 
(Cederman-Haysom and Brereton, 2006; Campbell et al., 2003, Donovan and Brereton, 2004). 
Discussions revealed the culture of the practice including business motivations, dentist-patient 
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manner, and key concerns such as educating patients and explaining treatments. Simple sketches, wood 
and foam forms were discussed and manipulated. Prototypes that incorporated technologies were 
produced in forms that dentists could manipulate and easily understand. Their purpose was to reveal 
what technologies could do in a dental context but their forms were unfinished so as to invite comment, 
suggestion and appropriation.  For example, accelerometers were strapped onto instruments and 
software was modified to give dentists a feel for navigating the patient record using gesture. The 
principal strategy when time is short is to have a repertoire of strategies and design approaches 
prepared that can be drawn upon as necessary in conversation rather than to have a set plan. This 
approach maximises flexibility and preparedness to generate and follow up interesting lines of inquiry. 
It also allows the dentist a role in steering the conversation.
Figure 2. Dentists regularly employ their hands in explaining what they see to the patient. The project 
aimed to explore whether gestures can also be used as interface mechanism for digital dental records.
3.2. A quest for fundamental knowledge
What challenges does this project case pose to participatory design? Is this actually participatory design 
– or is it ‘just’ industrial user-interface design?
On the one hand we were exploring design of a technology that might end up on the market for 
purchase and might be offered to the dentists as part of a suite of technologies. So the dentists would 
potentially benefit from better, more human-centred technologies. This is aligned with a classic 
commercial user-centred design approach. Nonetheless we found our research understandings and 
design ideas richer for gaining a commercial perspective, because this is part and parcel of the context 
of modern dentistry. 
M. Brereton and J. Buur
On the other hand, we were interested in breaking from the control that technology takes over our 
bodies, forcing sedentary postures, limited movements of digits and cumbersome work procedures. The 
research in this case involved dentists adopting new procedures such as particular gestures in return for 
the benefit of simpler infection control. We are aware that these also might limit the body in their own 
way and that there are potentially other hidden dilemmas such as extra configuration work when new 
technologies like this are introduced. So, in a bodily way, although not an organizational way, there 
was a politics at work in this project. 
There were also a number of theoretical issues of interest. For example, how can theories of gesture 
developed in linguistic research into communication help us to understand and design for gesture in 
work contexts where people use instruments? And what kinds of theories and methods can we develop 
through design research to better inform design of ubiquitous computing interfaces in  contexts such as 
dentistry? Results of these inquiries are forthcoming in (Donovan, 2008; Campbell 2008). 
4. Balancing manufacturing and use – The Refrigeration Controller Project
As researchers we have a long tradition of collaboration with Danfoss, a Danish company that 
manufactures plant control devices. Over the years we have both been involved in user interface design 
and testing on a range of controllers, and in broader studies of various plant mechanics’ work in order 
to generate visions for future products and services. 
Our third case concerns configuring refrigeration systems, for instance in supermarkets. Such 
systems are composed of components like valves, compressors, evaporators, fans and sensors, 
governed by controllers with ever increasing computer power and advanced control algorithms. Each 
system is uniquely designed, as shops are mostly different. This necessitates the configuration of every 
single controller (of which a supermarket can easily have more than 100) to fit with the physical 
structure of the system because the performance of such equipment varies depending on the type of 
refrigeration furniture, the goods to be cooled, the ambient temperature and humidity, among other 
factors. Overall, configuration is about energy savings, and this is the core concern of both the 
supermarket and the supermarket chain management. The more precisely the system is configured and 
tuned, the less energy it consumes – but this carries the risk of malfunction if the reality of the system 
operation hasn’t been predicted precisely enough.
Danfoss, as the manufacturer of the plant control devices, is able to gain a cost advantage in wider 
markets only if components can be mass-produced as general off-the-shelf devices. This drives the 
need for configuration in the first place. Between a mass-produced commodity and the particular 
context of each application, service technicians need to understand the system and digital controller 
well enough to adjust some 600 to 800 parameters and achieve a balance between system stability and 
energy savings.
With the digital development, the configuration practice of service technicians in refrigeration has 
changed considerably, from mechanical adjustments, placement of tubes and components to now also 
encompass digital settings. We find it particularly important to observe that digital configuration has 
not replaced the mechanical practice as much as it has added a layer of complexity (Sitorus & Buur, 
2007). Our starting point, then, was that we should be able to create controller user interfaces of a 
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tangible form that would enable service technicians to engage some of their rich physical 
competencies. Configuration could become a good test site for our advances in tangible interaction 
design, a significant research interest of our research group.
The refrigeration controller market is a typical business-to-business operation: Danfoss 
manufactures components that are sold to contractors, who are hired by large supermarket chains to 
equip new supermarket buildings with refrigeration systems. Supermarket chains today are increasingly 
global operations, and thus increasingly require contractors and service handlers to operate globally. 
So, for instance, at our study in a Brisbane supermarket in Australia, a Danfoss technician from the 
United States was flown in to reconfigure the system in collaboration with a Sydney-based 
refrigeration mechanic as part of an Australia-wide energy savings campaign.  
Figure 3. When configuring digital controllers in the refrigeration plants of supermarkets, service 
technicians set a balance between energy savings and a reliably working system. The research aimed 
to investigate if configuration could be designed in tangible formats to closer resemble the physical 
practice of installation work.
When joining service technicians to observe configuration work, we were constantly struggling to 
understand the hierarchy and relationship between a number of mechanics belonging to each of the 
companies: the Danfoss service organization, the system contractor, the local electrical installer, and 
the supermarket. Digital configuration is quite difficult, so often it seemed that more and more people 
got called in to solve particularly nasty problems, and the more local technicians would stay around to 
assist and learn. One-day studies hardly provide enough opportunity to build rapport with all 
participants, but a one-week study in Indonesia helped to build closer relations as did repeated visits 
that explored various levels of prototypes in Denmark. Similarly, on the company side, we needed to 
enter into relations with various engineers and lab technicians in development, technical marketing, 
service and the application laboratory; each have their own understandings of how the products will be 
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used, by whom, when and how. We collaborated with the company through design workshops and 
frequent visits to discuss specific topics.
At the core of the configuration issue we found that it was not so much about the practices per se, 
but more about the very understanding of what a technical parameter is, and why it should be adjusted. 
The large number of stakeholders in the configuration process all ascribe different meaning to 
parameters, and nobody seems to ‘own’ them in the sense of taking full responsibility for why they 
were present in a particular software structure.
With a large corporation at your back it seems easy to explain why you are here and what it is you  
want to study. Many people seem to accept that a product manufacturer will be interested in concrete 
feedback about its products. When it comes to explaining why broader observations beyond product-
centric acts are necessary, this was more difficult. The fact that we were working with issues that might 
eventually alter people’s ways of working did not seem to play any large part in motivating 
participation. Although to some technicians it was hugely motivating that someone associated with the 
manufacturer would actually show the interest and take the time to listen to ordinary voices, the 
participation of engineers and service technicians from the Danfoss division seemed to be driven by 
their technical interest in the problems we posed, and by management structure.
4.1. Embracing the business perspective
What were the challenges to participatory design in this case? Although this project focused on work, it 
was not concerned with the relationship between employer and employees in a production 
organization. Rather, the research was concerned with users of mass-produced products and the 
relationship between general, off-the-shelf devices and the particularity of concrete applications. If the 
manufacturer goes too far down the road of enabling customization, the unit price goes up. If the 
manufacturer simplifies the controller to achieve ease of use, the energy savings potential is reduced, 
and customer value decreases. In this project, understanding the value chain really played out. Besides 
the service technicians, the solutions we came up with would potentially benefit many actors: the 
technicians by making the job easier; the supermarket by saving more energy; and the contractor by 
tying less time into configuration.
The case shows that participatory design also has potential in aligning agendas in a highly business-
focused context. To achieve this, it was crucial to make deeper understandings of user practices 
available for participatory activities. In particular we found that ethnographic material in visual and 
tangible form has the potential to both frame user participation and to provoke engineers to reframe 
their understanding of user practices (Buur & Sitorus, 2007).
5. Rethinking participation and the space between design and use
In a panel at the 1994 Participatory Design Conference, Tom Erickson set out four dimensions along 
which participation by users could be assessed  (inspired by Kuhn & Winograd, 1996): 
1. Directness of interaction with the designers
2. Length of involvement with the design process
3. Scope of participation in the overall system being designed
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4. Degree of control over the design decisions. 
As Kuhn and Winograd (1996) point out, the original Participatory Design movement was at the 
high end of all of these scales. The length and intensity of involvement of users was seen as important 
in participatory design because design is an iterative and reflective process and because work practices 
evolve over time as a solution to a complex work situation. In contrast, static techniques that were 
framed solely by researchers such as interviews, surveys and short observations were considered 
inadequate for understanding user concerns and for incorporating their perspective into the design 
process (see Reich et al., 1992).  
When the stakeholder groups are well defined and when it takes a long time to specify, design and 
procure suitable technology, the traditional participation format of sustained engagement with 
practitioners in their contexts of use is achievable and sensible. However in our individualized, mobile, 
global, networked society with ubiquitous computing embedded into its fabric, we are less likely to 
encounter problems where there are limited and well-defined stakeholder groups and well-delimited 
technologies. Instead what we observe and illustrate through our case studies, is that the network of 
stakeholders related to any issue of concern is often highly complex and interrelated and the potential 
impact of any one technology for any one stakeholder may be small. In community projects there is a 
wide array of stakeholders that would benefit from better community communications, but the impact 
of any one design intervention (such as a digital notice board) on any one stakeholder may be small. In 
this case it may not be possible and may not make sense to garner sustained participation in particular 
contexts in order to formulate concepts for a design. In the era of ubiquitous computing, participatory 
design conducted with the ethos of looking out for the interests of less powerful stakeholders, needs to 
find alternative formats of participation.
The growth of social software points to the technique of deploying simple prototypes and growing 
and modifying them guided by feedback from use itself.  By deploying an electronic notice board 
prototype in a community and aiming to facilitate its use, stakeholders and design researchers were 
able to indicate usefulness through use itself. Participation becomes centred around use and providing 
feedback about use, rather than being based upon conjecture and consensus about what future designs
should be and how they will be used. The strong relationship developed with the shop owners made 
this embedded prototype approach possible, and the shop owners have been crucial to informing our 
understanding of how the prototype is used. The potential flipside that must be acknowledged with the 
prototype-based approach is that it is the design researcher that frames the kind of participation 
possible through the affordances of the design prototype. This means that the ethical stance of the 
researcher is critical to the extent to which the design is sensitive to issues of engaging those with less 
power and access to influence. The engagement still depends on the skill of the design team as has 
always been the case in participatory design. 
Where software cannot be “grown” as easily and has to be deployed, such strategies may simply not 
work. Citing numerous large-scale system development failures in the public sector such as ambulance 
system dispatch software, Shapiro (2005) suggests that these failures were in part political - deriving 
from a failure of traditional approaches to understand the underlying power relations that govern work 
- and in part analytical - relating to the failure to understand the underlying sociality of work. Shapiro 
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notes that engagement of participatory design practitioners with large scale or commercial systems has 
been limited and advocates a reformist agenda for participatory design in which participatory designers 
devise a collective strategy for engaging with development of large-scale public sector systems. 
Shapiro effectively argues for a shift in the format of participation in participatory design in that  
participatory design practitioners need to develop participative tactics to demonstrate that their work is 
consistent with the interests of employers as well as users; they need to engage with employers as well 
as users; and they need to develop collective strategies through which to engage. 
In the dental case study, we were collaborating with busy professionals for whom time is money. At 
the same time we were interested in rich contexts that could teach us about tangible and gesture 
interfaces in complex social, physical and information environments. We were focused on a sort of 
politics of the body and a deeper understanding of human-computer interaction design. Our dental 
colleagues were primarily interested in potential new interfaces that might emanate from our research. 
Here we developed participative tactics in order to best utilize short appointments to engage a kind of 
intense participation that was both sufficient to address theoretical questions and to advance the design 
to a concept that the dental software company owner found useful. 
The refrigeration controller case was positioned in the dilemma of supporting service technicians in 
fine-tuning a plant to provide energy savings while at the same time boosting the controller 
manufacturer’s ability to compete on price and customer value. This was a dilemma that could not be 
solved simply by improving a user interface design but required deeper understanding of technicians’ 
work practices and of the nature of the technical parameters to be adjusted. This understanding could 
only be achieved through participation of both service technicians and R & D engineers in exploratory 
design activities in the process; there was little concern about ‘liberation’ of technicians. Rather, the 
focus on value for both technicians and the manufacturer served as a means to work towards the overall 
goal of increasing energy savings potential.
6. Conclusions
The three case studies show three very different contexts of ubiquitous computing technology: 
communication devices in an urban community, gesture interfaces for patient record interaction in a 
dental surgery, and digital controls in refrigeration plants. Each illustrates how Weiser’s vision of 
computers embedded into the fabric of society has come true. In fact the technology is so closely 
intertwined with a larger network of people and their practices that design without the participation of 
the people involved is unthinkable. 
Participation requires that we as researchers and designers are able to build relations to relevant 
partners, in Suchman’s words to enter into the networks of relations that make technical systems 
possible, in the examples of the suburban community, the professionals in dentist surgery, and the 
technicians, engineers and managers in supermarket refrigeration plants.  In each case participation is 
predicated upon delivering value to those who participate. All three cases show how design in the era 
of ubiquitous computing is not simply a means to develop satisfactory solutions, but a tool to explore, 
here, how a community communicates, how dentists gesture, how service technicians engage with 
technical parameters.
M. Brereton and J. Buur
In summary our findings indicate that new formats of participation can be characterized by 
1. their sensitivity towards new types of network relations among people, 
2. the diverse motivations of people to participate, 
3. the subtle balance of values and benefits involved in collaborative endeavours, and 
4. the inherent power relations between participants.
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